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(g) Semiconductor wafer surface treatment method. 

When a surface of semiconductor wafer (13 or 
^21) is treated for gettering, ultrasonic waves are 
---caused to propagate along the surface of the semi- 
§ conductor wafer (13 or 21). through pure water. 
00 Mechanical damages are formed on the surface of 
Q^the semiconductor wafer (13 or 21) along which the 
^ultrasonic waves propagated, the damages serving 
CO as a back side damage. 



a. 
ui 



GAS 




ULTRASO^^IC CEI^ERATOR 



FIG. 1 



Xerox Centre 



BNSDCX^ID: <EP 0319806A1J_> 



EP 0.319 SOgAI 2 0 

Semiconductor wafer surface treatment method 



The present invention relates to a semiconduc- 
tor wafer surface treatment metiiod and. more par- 
ticuiariy, to a method of treating a surface of a 
semiconductor wafer so that one surface of the s 
wafer may be mechanically damaged for gettering 
of contaminants. 

Along the development of micropatteming of 
semiconductor elements, it becomes important that 
influence due to various types of contamination in ic 
element manufacturing processes is decreased. 
For example, contamination with heavy metals 
such as Cu or Fe reduces life time of minority 
carriers, thus changing characteristics of a transis- 
tor, or increasing a leakage current. In addition, by is 
contamination with sodium (Na), mobile ions are 
generated in an oxide film, thereby degrading sta- 
bility of an operation of the elements. 

So-called gettering is well-known as such a 
method of cleaning contamination of a semicon- 20 
ductor substrate generated in a manufacturing pro- 
cess. This gettering includes hydrochloric acid oxi- 
dation, phosphorus gettering, and the like which 
are performed during manufacturing processes. In 
another technique, -a silicon wafer serving as a 25 
starting material has a gettering ability, in addition, 
gettering of a substrate includes intrinsic gettering 
which utilizes oxygen precipitate in the substrate, 
back side damage (to be referred to as a BSD 
hereinafter) which causes the back-side surface of 30 
the wafer (an opposite side surface to a major 
surface on which semiconductor elements are 
formed in the later steps) to be mechanically 
damaged or distorted, and the like. 

Sandblasting is known as a conventional meth- 35 
od of forming the above BSD. In this method, a 
solution obtained by dispersing fine particles of 
alumina is sprayed to a back-side surface of the 
silicon wafer to form a mechanical damage. Al- 
though this method is effective to form a mechani- 4o 
cal damage, the method cannot provide high purity 
of the silicon wafer required in the manufacture of 
the semiconductor element. More specifically, the 
solution obtained by dispersing fine particles of 
alumina contains very small amounts of metal im- 45 
purities such as Fe. Cr, Ni. and Cu. Surface analy- 
sis using an ion microanalyzer frequently dem- 
onstrated that these impurities are strongly at- 
tached to and remain on a wafer material as a 
surface contamination after the treatment. In addi- so 
tion, the back-side surface of the wafer is a 
roughened surface, and three-dimensional micro- 
patterns are present therein. However, since a solu- 
tion containing an alumina is sprayed to this un- 
even surface, the fine particles of alumina fill the 



recessed patterns in the back-side surface of the 
wafer. For this reason, process defects are undesir- 
ably caused in manufacturing processes of the 
semiconductor element, as in the case of surface 
contamination due to metal impurities. 

In a conventional case, treatment processes of 
the semiconductor wafer are performed in a clean 
room to manage cleanliness. However, in the sand- 
blasting treatment process, fine particle of alumina 
solution is sprayed with high pressure. Therefore, 
the cleanliness in operation environment can be 
hardly maintained. 

As described above, formation of BSD using 
the conventional sandblasting undesirably has low 
cleanliness. 

It is, therefore, an object of the present inven- 
tion to provide a method of treating a surface of a 
semiconductor substrate which can form a clean 
mechanical damage on a back-side surface of the 
substrate. 

According to an embodiment of the present 
invention, there is provided a method of treating a 
surface of a semiconductor substrate comprising 
the steps of generating ultrasonic waves, and caus- 
ing the ultrasonic waves to propagate along the 
surface of the semiconductor wafer through a treat- 
ment solution to fomi mechanical damages on one 
surface of the semiconductor wafer. 

In such a method, the surface (back-side sur- 
face) of the semiconductor wafer is irradiated with 
ultrasonic waves propagating in pure water, so that 
mechanical damages may be fomned on the sur- 
face. This damage sen/es as a back side damage. 
In addition, only pure water is brought into contact 
with the substrate, and impurities such as heavy 
metals or Na may not be attached to and remain 
on a wafer material as surface contamination after 
the treatment, as in the conventional case. 

There is. therefore, provided a method of treat- 
ing a surface of a semiconductor substrate which 
can form clean mechanical damage on the back- 
side surface of the wafer. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a front view for explaining an ar- 
rangement of a treatment device used when a 
treatment method of the present invention is per- 
formed; 

Fig, 2 is a side view of the treatment device 
shown in Rg. 1 ; 
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Rg. 3 is a front view showing another ar- 
rangement of the treatment device used when the 
treatment method of the present invention is per- 
formed; 

Rg. 4 is a view showing a semiconductor 
wafer during a treatment using the treatment de- 
vice shown in Rg. 3. 

Rg. 1 is a front view showing an arrangement 
of a treatment device used when a method of the 
present invention is performed, and Rg. 2 is a side 
view thereof. However, in Rgs. 1 and 2, in order to 
explain a state in treatment bath 10. this treatment 
bath 10 is cut away to show its inner portion. 
Treatment bath 10 is filled with a treatment solu- 
ton, e.g.. ultra-pure water 11 or pure water. Ultra- 
sonic generator 1 2 consisting of an ultrasonic wave 
oscillator and an ultrasonic wane diaphagm is ar- 
ranged at a bottom portion of treatment bath 10. 
Ultrascnic waves generated by this ultrasonic gen- 
erator 12 propagate in ultrapure water 11 in treat- 
ment baih 10. Wafer carrier 14 vertically containing 
a plurality of silicon wafers 13 each having min^or- 
finished surfaces is dipped in treatment bath 10. 
Partiticn plates 15 are disposed between adjoining 
wafers 13 in wafer carrier 14. respectively. 

Gas supply tube 16 for supplying a gas such 
as air or nitrogen is disposed at a lower portion In 
treatment bath 10. Spray nozzle 17 is arranged 
midway along gas supply tube 16 so as to oppose 
a major surface side (a surface side on which 
semiconductor elements are formed in the follow- 
ing steps) of each silicon wafer 13 contained in 
wafer carrier 14. respectively. The gas is sprayed 
to the front surface of each substrate 13 from 
corresponding nozzle 17. Gas filter 18 is disposed 
mid-way along gas supply tube 16 outside treat- 
ment bath 1 0, thereby removing fine particles con- 
tained in the supplied gas. 

As shown in Rg. 2, two rotating shafts 19 
respectively rotated along the directions indicated 
by arrows 100 in Rg. 2 are an^anged so as to be in 
contact with the outer surface of each silicon wafer 
13 contained in wafer carrier 14. With rotations of 
rotating shafts 19, wafers 13 are rotated along the 
direction indicated by arrow 101 in Rg. 2. 

In the treatment device having the above ar- 
rangement, treatment bath 10 is filled with ultra- 
pure water 11, and wafer carrier 14 containing a 
plurality of silicon wafers 13 is dipped therein. 
Ultrasonic generator 12 is operated to generate 
ultrasonic waves. *ln addition, the predetermined 
gas is supplied to gas supply tube 1 6 to perform a 
treatment Therefore, by ultrasonic waves propagat- 
ing in the ultra-pure water, three-dimensional me- 
chanical damage or distortion is formed on the 
back-side surface of each silicon wafer 13 con- 
tained In waf r carrier 14. In this case, ultrasonic 



output is prefer^ly selected within the range of 50 
W to 500 W. Its frequency is preferably selected 
within the range of 10 kHz to 100 kHz. If the 
frequency is not selected within the above range. 
5 the wafers tend not to be damaged. In addition, if 
the output is 500 W or more, the damage is in- 
creased, thus leaving a large scratch on the sur- 
face of the wafer. 

On the other hand, by spraying the gas from 
70 nozzles 17, bubbles are generated on the major 
surfaces of silicon wafers 1 3. These bubbles cause 
the ultrasonic waves on the wafer major surface 
sides to disappear. Partition plates 1 5 are arranged 
between adjoining wafers 13. respectively, so that 
15 ultrasonic waves do not propagate from an adja- 
cent section. Therefore, mechanical damages are 
not formed on the major surface side of each wafer 
13. Since wafers 13 are rotated by two rotating 
shafts 19, formation of mechanical damages on the 
20 back-side surface and step coverage of bubbles on 
the major surface of wafer 13 are uniformed. 

The present inventors caused ultrasonic waves 
of 38 kHz to propagate in ultra-pure water using the 
above treatment device to perform a treatment for 
25 15 minutes. As a result, it is confirmed that me- 
chanical damages of about 1 x 10^ (atoms/cm^) are 
formed on the back-side surface of each silicon 
wafer 13. Since ultra-pure water is used, the num- 
ber of impurity fine p^cles attached to the back- 
30 side surface is five pieces or less per wafer having 
a diameter of 5 inches. Metal contamination due to 
Cu. Fe, Ni. Al, and the like is 2 x 10^° (atoms/cm^) 
or less. A subsequent analysis revealed that wafers 
1 3 are extremely clean. 
35 Rg. 3 is a front view showing another arrange- 

ment of the treatment device used when a method 
of the present invention is performed. Wafer tabi 
20 for horizontally holding silicon wafer 21 to be 
treated is rotated along the direction indicated by 
40 arrow 102 in Rg. 3 by rotation driver 22. This table 
20 is rotated at. e.g.. 100 rpm. 

Nozzle 23 is disposed above wafer table 20. 
Ultrasonic generator 24 consisting of ultrasonic 
wave oscillator 24A and ultrasonic wave diaphagm 
45 24B is arranged on the inner side of this nozzle 23. 
Ultrasonic wave diaphagm 24B is disposed to op- 
pose to wafer 21 "so that wafer 21 can be easily 
inradiated with ultrasonic waves through ultra-pure 
water. Supply tube 25 for supplying ultra-pure wa- 
50 ter is connected to a side wall of nozzle 23. Ultra- 
pure water is supplied to the inner space of nozzle 
23 through this supply tube 25. Nozzle 23 is mov- 
able along the direction indicated by arrow 103 in 
Rg. 3 by nozzle scan driver 26. 
55 In the treatment device having the above ar- 

rangement, silicon wafer 21 is horizontally held by 
wafer table 20 so that the major surface of the 
wafer faces down and ttie back-side surface thereof 
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faces up. In addition, ultra-pure water is supplied to 
nozzle 23 from supply tube 25 and ultrasonic 
waves are generated by ultrasonic generator 24 to 
perform a treatment. In this case, as in the treat- 
ment device shewn in Figs. 1 and 2. an output of 
the ultrasonic waves is selected within the range of 
50 W to 500 W. and its frequency is selected to be 
38 kHz. 

When ultra-pure water is supplied to the inner 
space of nozzle 23. the ultra-pure water oscillated 
by ultrasonic waves is sprayed from the distal end 
of nozzle 23 onto the back-side surface of wafer 21 
rotated on wafer table 20. Therefore, as shown in 
Fig. 4. region 21 A of wafer 21 indicated by hatched 
lines in Fig. 4 is sprayed with the ultra-pure water, 
and mechanicaJ damages are formed thereon. 
Thereafter, while wafer 21 is rotated in the direction 
indicated by arrow 102 in Fig. 4, nozzle 23 is 
moved by nozzle scan driver 26 in the direction 
indicated by arrow 103a or 103B in Fig. 4. There- 
fore, mechanical damages are sequentially formed 
on the entire back-side surface of wafer 21 . 

Even if such a treatment device is used, me- 
chanical damage of about 1x10^ (atoms/cm^ can 
be formed on only the back-side surface of silicon 
wafer 21. Furthermore, since ultra-pure water Is 
used, impurity fine particles and metal contamina- 
tion attached to the back-side surface can be de- 
creased, as in the case where the treatment device 
shown in Figs. 1 and 2 is used. 

Thus, with the above treating method, ultra- 
sonic waves propagating in ultra-pure water are 
caused to propagate along the back-side surface of 
the semiconductor wafer, so that mechanical dam- 
ages are formed. Therefore, cleanliness in this 
method can be greatly improved as compared to 
that in formation of mechanical damages by the 
conventional sandblasting. 



Claims 

1. A semiconductor wafer surface treatment 
method, to form damage for gettering on said sur- 
face, characterized in that 

ultrasonic waves are caused to propagate along the 
surface of semiconductor wafer (13 or 21), through 
a treatment solution (11), to fomn mechanical dam- 
ages on one surface of said semiconductor wafer 
(13 or 21). 

2. A method according to claim 1, character- 
ized in that an output of the ultrasonic waves is 
selected within a range of 50 W to 500 W, and a 
frequency of the ultrasonic waves is selected within 
a range of 10 kHz to 100 kHz. 



3. A method according to claim 1, character- 
ized in that said treatment solution is selected from 
a group consisting of pure water and ultra-pure 
water (11). 

5 4. A method according to claim 1, character- 

ized in that one surface of said semiconductor 
wafer (13 or 21) is a back-side surface with respect 
to a surface on which semiconductor elements are 
formed in succeeding steps. 

10 5. A method according to claim 1. character- 

ized in that the step of forming, mechanical dam- 
ages comprises placing semiconductor wafers (13) 
vertically in a treatment bath (10) filled with pure 
water, disposing an ultrasonic generator (12) in a 

75 bottom portion of this treatment bath (10), to cause 
ultrasonic waves to propagate in said pure water, 
thereby forming mechanical damages on one sur- 
face of each of said semiconductor wafers (13), 
and spraying a gas from said bottom portion, to 

20 generate bubbles in the pure water, thereby pre- 
venting formation of mechanical damages on the 
other surface of each of said semiconductor wafers 
(13). 

6. A method according to claim 5, character- 
25 ized in that the gas is supplied after fine particles 

are removed through a gas filter (1 8). 

7. A method according to claim 6, character- 
ized in that the gas is selected from a group 
consisting of air and nitrogen. 

30 8. A method according to claim 5, character- 

ized In that partition walls (15) are arranged be- 
tween said semiconductor wafers (13), respectively. 

9. A method according to claim 5, character- 
ized In that said semiconductor wafers (13) are 

35 rotated when the mechanical damage is formed. 

10. A method according to claim 1, character- 
ized in that the step of forming mechanical dam- 
ages comprises placing said semiconductor wafer 
(21) horizontally on a rotating table (20), and spray- 

40 ing pure water onto the surface of said semicon- 
ductor wafer (21) from a nozzle (23) in which an 
ultrasonic generator (24) is arranged, to form me- 
chanical damage on one surface of said semicon- 
ductor wafer (21). 

45 11. A method according to claim 10, character- 

ized in that said nozzle (23) is movable in the 
directions (103A and 103B) along a line connecting 
the center and an outer periphery of said semicon- 
ductor wafer (2l). 

50 
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